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re-Hospital Triage for Primary Angioplasty
irect Referral to the Intervention Center Versus Interhospital Transport
endrik-Jan Dieker, MD, Stephan S. B. Liem, MD, Hamza El Aidi, MD,
ierre van Grunsven, MD, Wim R. M. Aengevaeren, MD, PHD,
arc A. Brouwer, MD, PHD, Freek W. A. Verheugt, MD, PHD
ijmegen, the Netherlands
bjectives We sought to study the impact of direct referral to an intervention center after pre-
ospital diagnosis of ST-segment elevation myocardial infarction (STEMI) on treatment intervals and
utcome.
ackground Primary angioplasty has become the preferred reperfusion strategy in STEMI. Ambu-
ance diagnosis and direct referral to an intervention center is an attractive treatment option that
as not been studied extensively.
ethods Consecutive pre-hospital patients with STEMI, who were referred to our intervention cen-
er for primary angioplasty between 2005 and 2007, were studied. After pre-hospital diagnosis, pa-
ients were either directly transported to our center or referred through a nonintervention center.
he catheterization laboratory was activated before transport to the intervention center.
esults Of the 581 patients referred, 454 (78%) came with direct transport and 127 (22%) through
nonintervention center. Direct transport was associated with a higher proportion of patients
reated within the 90-min time window of the STEMI guidelines: 82% versus 23% (p  0.01).
atients directly transported had a signiﬁcantly shorter median symptom-to-balloon time of 149 min
Interquartile range: 118 to 197 min) versus 219 min (interquartile range: 178 to 315 min), p  0.01,
higher post-procedural Thrombolysis In Myocardial Infarction (TIMI) ﬂow grade 3 rate (92% vs.
4%; p  0.03), and a lower 1-year mortality rate (7% vs. 13%; p  0.03). Direct transport to the
ntervention center was independently associated with the symptom-to-balloon time, which in turn
as an independent predictor of post-procedural TIMI ﬂow grade 3, a strong prognosticator of
utcome.
onclusions After ambulance-based diagnosis of STEMI, direct transport to an intervention center
ith pre-hospital notiﬁcation of the catheterization laboratory more than triples the proportion of
atients treated within the time window of the guidelines. Time to balloon was an independent
redictor of post-procedural TIMI ﬂow grade 3, which underscores the need to reduce treatment
elays. (J Am Coll Cardiol Intv 2010;3:705–11) © 2010 by the American College of Cardiology
oundation
rom the Department of Cardiology, Heart Lung Center, Radboud University Medical Center, Nijmegen, the Netherlands.anuscript received November 13, 2009; revised manuscript received April 15, 2010, accepted April 18, 2010.
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706rimary angioplasty is the preferred reperfusion therapy in
T-segment elevation myocardial infarction (STEMI) if
erformed within 90 min of first medical contact by an
xperienced team of personnel in a high-volume center (1).
n real-world practice, only 10% of patients in the U.S.
eet the current time goal in case of referral for primary
ngioplasty (2). Strategies to reduce treatment delays in
rimary angioplasty are a subject of interest. It was shown
hat early activation of the catheterization laboratory is
ssociated with a reduced door-to-balloon time (3). Pre-
ospital diagnosis, notification, and direct referral to an
See page 712
ntervention center is a promising strategy associated with a
ignificant reduction in treatment delays (4,5). This strategy
as associated with better left ventricular function and a
ower risk of death or myocardial infarction (6) as compared
o a strategy of referral from a nonintervention center.
lthough most studies using pre-hospital triage were per-
ormed in Europe, data from the U.S. confirm the feasibility
nd impact of the pre-hospital electrocardiogram in
managing patients with STEMI
(7–9). In the Netherlands, where
distances between hospitals are
much smaller and patients with
suspected STEMI usually by-
pass the emergency physician
and are immediately triaged by a
cardiologist, a higher proportion
of patients is treated within the
time goal of the guideline. In the
ijmegen area (the Netherlands), a system of pre-hospital
riage of STEMI has been used for over 15 years; it was
nitially designed to triage for pre-hospital fibrinolysis (10).
his same system now serves for the triage for primary
oronary intervention. In contrast to previous studies in
hich pre-hospital triage was compared with in-hospital
riage, the current study focuses on pre-hospital triage and
ompares direct transport to an intervention center to
eferral through a nonintervention center. The aim of our
tudy is to further elucidate the impact of direct transport to
he intervention center on treatment intervals and proce-
ural and clinical outcomes.
ethods
atients. Consecutive patients with a pre-hospital diagnosis
f STEMI referred for primary angioplasty to the catheter-
zation laboratory of the Radboud University Medical Cen-
er in Nijmegen, the Netherlands, were included in a
egistry from January 2005 until December 2007.
From the beginning of 2005, in agreement with the
bbreviations
nd Acronyms
CG  electrocardiogram
TEMI  ST-segment
levation myocardial
nfarction
IMI  Thrombolysis In
yocardial Infarctioneferral sites (ambulance services and local hospitals), all ore-hospital patients with large infarctions (15 mm cu-
ulative ST-segment deviation) were referred for primary
ngioplasty. Pre-hospital patients with smaller infarctions
15 mm ST-segment deviation) were treated with either
re-hospital fibrinolysis or primary angioplasty depending
n local agreements. Regular evaluation of the protocol
emonstrated the feasibility and success of this primary
ngioplasty strategy, and pre-hospital fibrinolysis for smaller
nfarcts gradually decreased. Over time, primary angioplasty
ecame the reperfusion strategy of choice for all patients. All
atients who were presented to our intervention center were
ccepted for primary angioplasty. In case of an eligible
atient, the resident of the intervention center was con-
acted either directly from the ambulance by paramedics or
y the physician on call in the referral center. After
cceptance, the catheterization laboratory personnel were
irectly activated to prepare the catheterization laboratory.
f possible, the emergency room of the intervention center
as bypassed and the patient was directly transported to the
atheterization laboratory.
ntervention center. The Radboud University Medical Cen-
er is a university hospital and tertiary referral center. It is a
igh-volume center performing 1,000 angioplasty proce-
ures/year, with 3 catheterization laboratories, surgical
ackup, and a team of experienced personnel with around-
he-clock service. All operators perform 150 procedures/
ear. Before 2005, primary angioplasty was only performed
n a selected group of patients (late myocardial infarction,
hock, and in case of a contraindication for fibrinolysis) due
o a successful pre-hospital fibrinolysis program with two-
hirds of patients receiving fibrinolysis within 3 h of symp-
oms (10,11). Rescue angioplasty was performed in more
han 100 patients/year.
eferral region. The referral region is located in the east of
he Netherlands and covers parts of the provinces of
elderland and Brabant. It has a radius of about 48 miles
ith about 1,000,000 inhabitants. Five referral hospitals and
regional ambulance services are located in the referral
egion. Patients presenting with STEMI in a noninterven-
ion center were treated with primary angioplasty, but were
xcluded from the current analysis of pre-hospital patients.
mbulance protocol. All ambulances in the region were
quipped with the Lifepak 12 system (Physio Control,
edmond, Washington). Specially trained paramedics made
12-lead electrocardiogram (ECG) in all patients with
hest pain for 12 h of duration that did not resolve after
ublingual nitroglycerin. This 12-lead pre-hospital ECG
as interpreted by the paramedics with the help of a
omputer algorithm. In case of a clear-cut case of a patient
ith a large STEMI (15 mm), paramedics contacted the
ardiology resident of the intervention center to notify the
atheterization laboratory before transportation. In other
ases, pre-hospital fibrinolysis or primary percutaneous cor-
nary intervention was chosen, often after initial contact
w
w
a
t
o
D
t
t
D
t
T
a
t
c
a
r
E
T
e
o
g
L
s
2
M
M
S
a
c
N
m
i
u
a
s
d
s
i
a
b
d
v
t
t
i
g
m
K
c
i
t
w
t
v
a
(
n
w
a
m
R
I
w
l
t
1
E
t
t
d
a
J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S , V O L . 3 , N O . 7 , 2 0 1 0 Dieker et al.
J U L Y 2 0 1 0 : 7 0 5 – 1 1 Primary Angioplasty After Pre-Hospital Triage
707ith the cardiologist of the nearest hospital. All patients
ho were suspected of STEMI were given a loading dose of
spirin, clopidogrel, and unfractionated heparin before
ransport according to the prevailing guidelines at the time
f inclusion.
eﬁnitions. Symptom time: time of symptom onset. 911 call
ime: time of 911 call. Diagnosis time  first medical contact
ime: time of first ECG on which STEMI was diagnosed.
oor time: time of arrival at the intervention center. Balloon
ime: time of first balloon inflation or first device insertion.
otal distance: the total distance was calculated with the use of
n Internet route planner using postal codes. Direct transport:
he distance between the pick-up address and the intervention
enter. Interhospital transport: the distance between the pick-up
ddress and referral hospital plus the distance between the
eferral hospital and the intervention center.
nd points. POST-PROCEDURAL TIMI FLOW GRADE. The
IMI flow grade after the procedure was assessed by 2
xperienced angiography analysts blinded to the study group
f the patient. In case of discrepant findings, TIMI flow
rade was determined by a third angiography analyst (12).
ONG-TERM MORTALITY. Information about the survival
tatus of the patients was assessed on March 19 and 23,
008, for the patients included in 2005 and 2006, and on
ay 5, 2009, for patients included in 2007 using the
unicipal Personal Records Database.
TATISTICAL ANALYSIS. Categorical variables are expressed
s numbers with percentages and were compared by Pearson
hi-square and Fisher’s exact tests whenever appropriate.
ormally distributed continuous variables are expressed as
eans with standard deviations and were compared using an
ndependent t test. Continuous variables not normally distrib-
ted are expressed as medians with interquartile ranges (IQR)
nd were compared using the Mann-Whitney U test.
Multivariable binary logistic regression using forward
tepwise inclusion was used to assess the relation between
irect transport to the intervention center and the
ymptom-to-balloon time (divided at the median). Entered
n the model were those variables (listed in Table 1) with
univariate association with the median symptom-to-
alloon time (p  0.10) and the baseline variables that
iffered (p  0.10) between direct transport to the inter-
ention center and interhospital transport. The symptom-
o-911 call time was prospectively chosen to be included in
he model.
To assess the relation between direct transport to the
ntervention center and the post-procedural TIMI flow
rade 3 binary logistic regression was used with similar
ethodology as already described.
Long-term survival analysis was performed according to
aplan and Meier, using the log-rank test for a univariate
omparison between patients directly transported to the
ntervention center and patients referred through a nonin-
ervention center. fiMultivariable Cox regression analysis using forward step-
ise inclusion was used to determine the association be-
ween direct transport to the intervention center and sur-
ival. Baseline characteristics (listed in Table 1) studied had
univariate association with survival (p  0.10) or differed
p  0.10) between direct transport and referral through a
onintervention center.
The symptom-to-balloon time and door-to-balloon time
ere prospectively chosen to be included in the multivari-
ble models of post-procedural TIMI flow grade 3 and
ortality.
esults
n total, 581 pre-hospital patients with suspected STEMI
ere referred for primary angioplasty to the catheterization
aboratory of the Radboud University Medical Center be-
ween January 2005 and the end of December 2007. All but
patient with ST-segment elevation on the pre-hospital
CG had STEMI. The other patient had an aortic dissec-
ion type A and died after the catheterization (direct
ransportation to the intervention center). No patients died
uring transport. Between first presentation and primary
ngioplasty, 14% of patients had an episode of ventricular
Table 1. Baseline Characteristics of Pre-hospital Patients Referred for
Primary PCI
Direct
Transport
(n  454)
Interhospital
Transport
(n  127) p Value
Age, yrs 63 12 65 13 0.05
Age 75 yrs 76 (17%) 33 (26%) 0.02
Male sex 323 (71%) 92 (72%) NS
Diabetes 38 (8%) 14 (11%) NS
Hypertension 162 (36%) 36 (28%) NS
Previous MI 49 (11%) 19 (15%) NS
Previous revascularization: CABG/PCI 35 (8%) 13 (10%) NS
Killip class I 382 (84%) 99 (78%) NS
Cardiogenic shock, Killip class IV 39 (9%) 12 (9%) NS
Anterior MI 164 (36%) 56 (44%) 0.10
15 mm ST-segment deviation 291 (64%) 53 (42%) 0.01
Presentation during ofﬁce hours 181 (40%) 49 (39%) NS
Total distance, km 13 (5–24) 23 (10–47) 0.01
Infarct-related artery
LAD 160 (36%) 58 (47%) 0.03
Non-LAD 294 (64%) 69 (53%)
Single-vessel disease 199 (45%) 54 (43%) NS
Pre-procedural TIMI ﬂow grade
3 66 (15%) 16 (13%) NS
2/3 126 (28%) 30 (24%) NS
Values are mean SD, n (%), or median (interquartile range).
CABG coronary artery bypass grafting; LAD left anterior descending artery; MImyocar-
dial infarction; PCI  percutaneous coronary intervention; TIMI  Thrombolysis In Myocardial
Infarction.brillation.
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708irect transport to intervention center versus interhospital
ransport. Of the patients who first presented in the ambu-
ance, 454 (78%) were directly transported to our intervention
enter and 127 (22%) were referred through a nonintervention
enter. The baseline and angiographic characteristics are
hown in Table 1. Of the patients directly transported to the
ntervention center, 82% had a first-medical-contact-to-
alloon time of 90 min and adhered to the time goal of
he guidelines as compared to 23% of patients who were
eferred through a nonintervention center (p  0.01). The
orresponding median symptom-to-balloon times were 149
in (IQR 118 to 197 min) versus 219 min (IQR 178 to 315
in), p  0.01 (Fig. 1). The symptom-to–911 call ( 7 min),
11 call–to-diagnosis ( 3 min) and the diagnosis-to-balloon
imes ( 49 min) were significantly shorter in patients who
ere directly transported to the intervention center. The
oor-to-balloon time was significantly longer in patients di-
ectly transported to the intervention center, 32 min (IQR 20
o 45 min) versus 24 min (IQR 17 to 36 min), p  0.01.
atients directly transported to the intervention center more
ften had post-procedural TIMI flow grade 3 (92% vs. 84%,
 0.03) and had lower mortality rates at 1 year (7% vs.
3%, p  0.03) than patients after interhospital transport
Figs. 2 and 3).
redictors of the symptom-to-balloon time. The symptom-
o-balloon time was dichotomized at the median and was
vailable in all patients. The univariable (p  0.10) and
ultivariable characteristics associated with increased (above
he median) symptom-to-balloon times are listed in Table 2.
redictors of post-procedural TIMI ﬂow grade 3. Post-
rocedural TIMI flow grade 3 was available in all patients.
58 20Direct transport
65 23Interhospital transport
0 50 10
Symptom to 911call- -   
Figure 1. Median Symptom-to-Balloon Times in Pre-Hospital Patients Refer
All time intervals are represented as medians and differ signiﬁcantly (p  0.05he univariable (p  0.10) and multivariable characteristicsssociated with post-procedural TIMI flow grade 3 are
isted in Table 3.
ong-term mortality. Follow-up at 1 year was complete for
ll but 1 patient (99.8%). The median total follow-up
uration was 596 days (IQR 496 to 726 days). During
ollow-up, 64 patients (11%) had died. Univariable (p 0.10)
nd multivariable predictors of long-term mortality are shown
n Table 4.
iscussion
o our knowledge, this is the largest prospective cohort of
atients after pre-hospital diagnosis of STEMI comparing
irect transport to an intervention center with interhospital
ransfer, and the first to suggest an effect of direct transport
p<0.01
118
150 200 250
l to Diagnosis Diagnosis to Balloon
minutes
- -   - -
r Primary Angioplasty
een direct transport to the intervention center and interhospital transport.
100
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)
p=0.03
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Figure 2. TIMI Flow Grade 3 Rates in Pre-Hospital Patients Referred for
Primary Angioplasty69
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709n long-term survival. Compared with interhospital trans-
ort, the rate of patients treated within the 90-min time
rame of the guidelines more than tripled. Moreover, direct
ransport resulted in higher rates of post-procedural TIMI
ow grade 3, a strong prognosticator of improved long-term
urvival. This was observed in a unique setting of a more
han 10 years’ experience with pre-hospital diagnosis of
TEMI by trained paramedics, computerized ECG inter-
retation, and telephone consultation with a physician.
The observed time benefit of direct transportation is in
oncordance with previous reports also showing benefits
Figure 3. 1-Year Survival in Pre-Hospital Patients Referred for Primary Angi
Impact of direct transport to the intervention center on 1-year survival in pre-
Table 2. Variables Associated With the Symptom-to-Balloon Time*
Variable OR (95% CI)
Wald
Chi-Squared p Value
Univariable analysis
Symptom-to–911 call time, min 1.05 (1.04–1.06) 117 0.01
Direct transportation 0.15 (0.09–0.24) 58 0.01
Total covered distance, km 1.02 (1.01–1.04) 11 0.01
Age, yrs 1.02 (1.00–1.03) 9 0.01
15 mm ST-segment deviation 0.67 (0.48–0.93) 6 0.02
Previous revascularization 1.76 (0.96–3.23) 3 0.07
Multivariable analysis
Symptom-to–911 call time, min 1.06 (1.05–1.08) 58 0.01
Direct transportation 0.29 (0.01–0.11) 42 0.01
Total covered distance, km 1.03 (1.00–1.05) 5 0.03
*Dichotomized at the median.CI confidence interval; OR odds ratio.ith regard to improved time delays (4,5). Given the higher
ost-procedural TIMI flow grade 3 rate and the fact that
uideline adherence has been associated with clinical out-
ome (13), this infrastructure should further improve out-
ome after STEMI. Several studies showed that pre-
ospital diagnosis is associated with a greater use of
eperfusion therapy (8), with a substantial reduction of
reatment intervals, and with improved outcome in fibrino-
ysis (14) and primary angioplasty (4–6,8). In addition, in
he current study, several interventions proven to be effective
n reducing treatment intervals (3) are part of standard of
are. Examples of these interventions are a single call from
ty
al patients referred for primary angioplasty.
Table 3. Variables Associated With Post-Procedural TIMI Flow Grade 3
Variable OR (95% CI)
Wald
Chi-Squared p Value
Univariable analysis
Symptom-to-balloon time, h 0.87 (0.78–0.95) 9 0.01
Pre-procedural TIMI ﬂow grade 1.60 (1.16–2.20) 8 0.01
Single-vessel disease 2.18 (1.19–3.97) 6 0.01
Direct transportation 2.04 (1.14–3.64) 6 0.02
Killip class I 1.95 (1.08–3.52) 5 0.03
Door-to-balloon time, min 0.99 (0.99–1.01) 0 0.7
Multivariable analysis
Pre-procedural TIMI ﬂow grade 1.43 (1.14–1.80) 9 0.01
Symptom-to-balloon time, h 0.87 (0.80–0.96) 8 0.01
Single-vessel disease 1.89 (1.19–3.01) 7 0.01oplasAbbreviations as in Tables 1 and 2.
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710he ambulance to activate the catheterization laboratory,
reparation of the catheterization laboratory while the
atient is en route, and the fact that the intervention team
ad to be present within 20 min after being paged. Previous
tudies compared patients who presented at the referral
enter with patients directly transported to the intervention
enter after pre-hospital diagnosis. In contrast, all patients
n our study underwent pre-hospital diagnosis of STEMI.
he results of our study, therefore, underline the impor-
ance of direct referral to an intervention center, completely
ypassing the emergency department if possible.
With regard to the safety, our data concur with the
APTIM (Comparison of Angioplasty and Prehospital
hrombolysis in Acute Myocardial Infarction) trial (15) and
ANAMI-2 (Danish Trial in Acute Myocardial Infarction
) (16), both of which showed a low mortality rate during
mbulance transport. Although not available in the current
nalysis, the reported sensitivity and specificity of a com-
uter algorithm (often used in the pre-hospital setting) to
etect STEMI are 50% to 60% and 96% to 100%, respec-
ively (17). The relatively high mortality rate and the high
revalence of ventricular fibrillation in the current study is
robably a reflection of the inclusion of substantial amount
f older patients and patients presenting with large infarc-
ion. The apparent selection bias for older patients to be
ransferred through a referral hospital may be a consequence
f the absence of an age limit for primary angioplasty.
oubt in the pre-hospital setting about the indication for
rimary angioplasty may have caused the preference for
ransport to the nearest referral center for additional evalu-
tion. Moreover, patients may have been considered too sick
or direct transport and may therefore have been presented
Table 4. Variables Associated With Long-Term Mortality
Variable HR (95% CI)
Wald
Chi-Squared p Value
Univariable analysis
Age, yrs 1.08 (1.05–1.10) 42 0.01
Post-procedural TIMI ﬂow grade 3 0.22 (0.13–0.37) 31 0.01
Killip class I 0.36 (0.22–0.59) 16 0.01
Symptom-to-balloon time, h 1.13 (1.04–1.24) 8 0.01
Single-vessel disease 0.48 (0.28–0.82) 7 0.01
Hypertension 1.89 (1.14–3.14) 6 0.01
Direct transportation 0.55 (0.33–0.93) 5 0.03
Previous revascularization 1.95 (0.96–3.95) 3 0.06
15 mm ST-segment deviation 1.60 (0.94–2.74) 3 0.09
Door-to-balloon time, min 1.00 (0.99–1.01) 0 1.00
Multivariable analysis
Age, yrs 1.08 (1.05–1.10) 36 0.01
Post-procedural TIMI ﬂow grade 3 0.25 (0.14–0.44) 23 0.01
Killip class I 0.47 (0.28–0.81) 8 0.01
HR hazard Ratio; other abbreviations as in Tables 1 and 2.t the nearest hospital. SShorter symptom-to-balloon times were independently
ssociated with higher rates of post-procedural TIMI flow
rade 3 and patients directly transported to the intervention
enter had improved long-term survival. Direct transporta-
ion to the intervention center was independently associated
ith a shorter symptom-to-balloon time, a strong predictor
f procedural success, which in turn is a prognosticator of
ong-term mortality.
In the current analysis, well-known independent predic-
ors of outcome were confirmed. Pre-procedural TIMI flow
rade and symptom-to-balloon time are well-established
redictors of procedural success (18,19) and underline the
mportance of studies on antithrombotic pre-treatment and
educing treatment delays. Age, Killip class, and procedural
utcome were confirmed to be independent prognosticators
f long-term mortality (20,21). As procedural outcome is
he only modifiable predictor, efforts should be made to
erform primary angioplasty in high volume centers with
xperienced personnel (22). In previous transportation stud-
es, the observed differences and sample sizes were too small
o state conclusions with regard to clinical outcome. Our
ohort study supports the previously observed trends of
mproved clinical outcome after direct transport to the
ntervention center. The fact that we observed higher
ost-procedural TIMI flow grade 3 rates after direct trans-
ort to the intervention center provides a plausible mecha-
istic explanation for the higher survival rate in this group.
tudy limitations. Results from the current analysis are from
n observational study in which the referral strategy for
maller infarctions was not uniform between referral sites
nd tended to change over time. Inherently, bias has been
ntroduced with regard to the selection of either direct
ransport to the intervention center or interhospital
ransport.
This may have affected the observed clinical outcome
ifferences, but the time intervals from 911 call to balloon
ill be merely unaffected. Although multivariable analysis
as used, confounding of unknown and/or uncorrectable
actors cannot be excluded. Although only established
redictors of outcome were found in the Cox analysis, the
odel is overfit and should be interpreted conservatively.
onclusions and Implications
re-hospital diagnosis of STEMI with direct notification of
he catheterization laboratory and subsequent transportation
o the intervention center is an attractive treatment strategy.
t results in a more than tripling of the rate of patients
reated within the 90-min time frame of the STEMI
uideline compared with interhospital transport. Direct
ransportation to the intervention center resulted in a
eduction of about 50 min in the diagnosis-to-balloon time.
n case of uncertainty with regard to the diagnosis of
TEMI or indication for reperfusion therapy, valuable time
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711an be saved by direct transportation and evaluation in the
ntervention center, instead of opting for presentation at the
earest nonintervention center. With the symptom-to–911
all time representing one-third of the symptom-to-balloon
ime, renewed efforts should be made for patients’ awareness
23). Time-to-balloon was an independent predictor of
ost-procedural TIMI flow grade 3, which underscores the
eed to reduce treatment delays in order to further improve
linical outcome after STEMI. Our data underscore that
fforts should be made to organize a large-scale implemen-
ation of an infrastructure of pre-hospital diagnosis and direct
ransport to the intervention center, with early notification of
he catheterization laboratory from the ambulance.
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